Abstract. Based on the seismic data of near-field source from Shandong Seismic Network, the study obtained the shear-wave splitting parameters from multiple stations. The results show that dominant directions of polarizations of fast shear-waves reflect the spatial distribution characteristics of tectonic stress in this area, CHD and LIS stations show 2 dominant direction, it reveals that the crustal seismic anisotropy in Shandong area is constrained by regional stress background, local failure and structure.
Introduction
Many researches (Crampin et al, 2003; Silver, 1996) confirmed that seismic anisotropy is widely distributed inside the crust, and various models are proposed to account for seismic anisotropy observed. These models include microfissures in the direction of principal compressive stress, cracks near active faults, rock stratification of sediment, foliations in rock structures and crystal dominant directions. Crampin put forward the EDA theory in 1978, which suggests that the main source that affects seismic anisotropy is microfissures full of liquid vertically and parallelly arrayed near the surface and mainly distributed in the crust. These microfissures are unevenly arranged because of the action of deviatoric stress and will demonstrate seismic anisotropy. Therefore the impact of stress can be observed through the influence of anisotropy microfissures on the seismic waves. The cracks will appear when the sheer waves travel in the microfissures arranged in fixed directions. The ruptures are composed of two waves at different speeds, the faster waves are called fast waves, while the slower ones are called slow waves. The vibration directions of the two kinds of waves are almost vertical. The polarization that generates the fast waves is linked to the directions of ground stress, structural and fault directions and the directions of mineral microfissures, consistent with microfissure directions and with the local principal compressive stress. The delay time of the slow waves is connected with crustal anisotropy extents and crack density (Gao et al., 2011; Shi et al., 2015) . The change of stress field inside the earth can change geometric parameters of microfissure, and can lead to the change of shear-wave splitting parameters. (Crampin and Zatsepin, 1997; Zhang et al, 2009 ). Therefore the trace and research of the temporary and spatial change of shear-wave splitting parameters can be applicable in the exploration of earthquake preparation and earthquake mechanism (Crampin et al., 2008) . The fast shear wave polarization of the station near active fault belt is closely related to the direction of the fault. The fast shear wave polarization at the joints of active faults shows a clear dispersion. Besides, the study of seismic anisotropy helps understand the internal structure and dynamic mechanism of the region studied, especially in geological survey. Seismic anisotropy is very helpful in the search for petroleum pool and geothermal resources as well as the precaution engineering and hazard assessments (Evans et al, 1995) .
The paper uses the seismic wave form data recorded by the Shandong earthquake network from January 2009 to June 2015 and on the basis of shear-wave splitting research, analyzes the stress distribution characteristics of the Shandong area by the calculation of the shear-wave splitting parameters from the stations.
Structural Background, Data and Methods
Shandong is situated in the southeast of the Northern China tectonic region and is one of the earthquake-ridden regions. Historically, there have been more than 70 earthquakes with in the region. The fault structures of Shandong area are very complicated, mainly with several groups of faults in NE, NNE, NW, NWW and near SN directions and these groups of faults had strong movements in Mesozoic Era and late Tertiary Period. In neo Tertiary Period, because of the change of tectonic stress field, most of the fault activities also changed in qualities and the intensity if activities were reduced. Most of the faults gradually ceased their activities when they entered the early and middle periods of the Quaternary Period, and even ceased their activities in the late Quaternary Period, late Pleistocene period and Holocene period. In these periods, there were continuous strong activities only with the fault belts on the large block edges such as Yi-Shu fault belt in NNE, Liao-Kao fault belt in NE, and the Bohai Sea-Weihai fault belt in NE.
The fault activity qualities of a number of new tectonic regions in the eastern, central southern and northwestern Shandong and their newest activity periods are different from each other. The most faults in eastern Shandong ceased the activities after the early and middle Quaternary Period and Pleistocene fault activities were found in a few places, e.g. the Haiyang fault. Most of the NW faults in central southern Shandong were still active up to the Pleistocene period, but with reduced scales and intensity. No Holocene activity was found here. Most of the faults in the subsiding region of northwestern Shandong plain ceased their activities in the early and middle Quaternary Period. Only southwestern Shandong had fault activities in the late Pleistocene, e.g. the Yuncheng fault (Cao Hongtai et al, 1997).
The shear waves recorded by the surface station need strict constraints with the incident angle being larger than the critical angle in the incidence onto the free surface, due to the complexity by the interference of phase, mode-shape switching and precursor phase and main S waves that reach the seismic phase later on. This function causes the difference among the radial, horizontal and vertical displacements and can be easily mistaken as shear wave splitting by anisotropy. To avoid the wave distortion by the total reflection, it is necessary to select wave data within the shear wave window. For Poisson medium (Poisson rate as 0.25), the shear wave window is about 35°. Considering the surface sediment influence, the incident angle ≤45° can simply include wave data as much as 50°. According to this principle, assuming that the upper crust is of a single speed structure, the simpler calculation of the incident angle and the selection of the incident angle ≤45° can ensure that all wave form data are within the shear wave window (Crampin, Peacock, 2005) .
The paper uses the SAM method (Gao Yuan et al, 2004) to perform the shear wave splitting calculation of the seismic wave form data within the shear wave window recorded by the Shandong earthquake network from January 2009 to June 2015. The method includes relevant functional calculation, time delay rectification and polarization analysis.
Research Results
The calculation of the earthquake wave form data from the Shandong area helps obtain the shear wave splitting parameters of the 15 stations of the region. 10 stations have only one valid record, and 1 station has 2 valid records. For the validity of the research, the paper selected stations with at least 3 valid record and only 4 stations met this requirement (Table 1) . On the basis of the shear wave splitting parameters from these 4 stations, rose diagrams of the fast shear wave polarization of each station were worked out ( Fig.1 and Fig.2 ). These figures show that there is a clear precursor phase dominant direction of the fast shear wave polarization in all stations. Fig.3 shows that the average dominant directions of fast shear wave polarizations in Shandong are in near NE direction. This dominant polarization direction is consistent with the P axis direction of the focal mechanism of the three significant earthquakes concluded by the authors in the research of joint inversion of body wave and surface wave with CAP. These three earthquakes are M L 5.0 Laizhou earthquake, M L 4.7 Rushan earthquake and M L 4.5 Rushan earthquake. Station CHD and Station LIS show two dominant polarization directions. Station CHD is located on an island at the joint of an NNE fault and a WNW fault and shows two clear NNE and WNW fast shear wave dominant polarization directions. Researches show that if the station is located on an island, its fast shear wave polarization direction is more diverse (Wu Jing et al, 2007; Sun Jin et al, 2013), and can be related to irregular terrains and complex local structures. The shear wave polarization of Station LIS shows two dominant directions of NE and WNW. The NE direction shows consistency with the stress background, and the WNW direction shows the possible influence of the local fault and structure, denoting that the station has both influence of the regional stress background and local geological structure. The other two stations show a good consistency. The dominant direction is near NE and is consistent with the regional stress background direction. Previous researches show that generally speaking, the overall dominant direction of shear wave polarization is consistent with the regional principal compressive stress, even when the local structure and fault distribution have an influence on the fast shear wave dominant polarization direction. 
Discussion and Conclusion
We use the seismic data within the shear wave window recorded by the Shandong earthquake network and by the shear wave splitting calculation, study the features of the shear wave splitting in the Shandong area and analyze the structural stress characteristics of the region. The analysis computation was done about the seismic data within the shear wave window recorded by Shandong earthquake network. For the validity of the analysis, we selected the stations with at least three valid records for the analysis. The result shows that there is obvious dominant shear wave polarization in all stations. The analysis of the shear wave splitting parameters of the valid records from the four stations reveals that the dominant fast shear wave polarization is near NE and is consistent with the principal compressive stress direction of the Shandong peninsula. It is also consistent with the P axis direction of the focal mechanism of the three significant earthquakes concluded by the authors in the research of joint inversion of body wave and surface wave with CAP. Station CHD on an eastern island is located at the joint of an NNE fault belt and a WNW fault belt and shows the dominant NNE fast shear wave polarization and the dominant WNW fast shear wave polarization. Station LIS has dominant fast shear wave polarization in NE and WNW directions. The NE dominant direction is consistent with the background structural stress, but the WNW dominant direction can be influenced by the local fault and structure. Station CHD and Station LIS display the two dominant shear wave polarization directions, which means that the crustal anisotropy is confined by both the regional stress background and the local fault structure, revealing the influence on the shear wave splitting parameters by the local structure (mainly controlled by the fault) and the ground stress.
Since there are few valid records in the western part of the research region, we still need more data for the further analysis of anisotropy in the western Shandong and the whole province. Thanks must be given to Gao Yuan, a researcher of Institute of Earthquake Science, CEA, who provides the SAM software and guidance for technical ideas.
